Abstract Background/purpose: Legionella pneumophila had been recognized as a pathogen for both healthcare-associated and community-acquired pneumonia. We aimed to evaluate clinical features and outcomes of patients with Legionnaires' disease at a tertiary medical center in southern Taiwan. Methods: From January 2005 to December 2013, a retrospective study of adult cases of Legionnaires' disease was conducted in a 1200-bed tertiary hospital. Their medical records were reviewed for further evaluation and analysis. Results: A total of 61 cases of Legionnaires' disease were identified during the study period. Their mean age was 61.1 years, with male predominance (43, 70.5%). Among them, 30 (49.2%) had healthcare-associated pneumonia (HCAP), 20 (32.8%) had community-acquired pneumonia, and notably 11 (18.0%) were caregivers. Patients with healthcare-associated pneumonia tend to have higher Charlson comorbidity scores than those with community-acquired pneumonia (3.6 AE 2.4 vs. 1.9 AE 1.9, p Z 0.008) and caregivers (0.5 AE 0.5, p < 0.001). Six patients died, resulting in an in-hospital mortality rate of 9.8%. Underlying cancer (66.7% vs. 20.0%, p Z 0.028) and a higher Charlson comorbidity score (4.7 AE 2.6 vs. 2.2 AE 2.2, p Z 0.013) were related to a fatal outcome.
Introduction
Since first identified in 1977, members of the genus Legionella have increasingly been recognized as a cause of both community-acquired pneumonia (CAP) and healthcareassociated pneumonia (HCAP).
1e4 Legionnaires' disease is the term used for pneumonia or systemic disease caused by Legionella bacteria. Among 58 Legionella species, around 30 were confirmed to be associated with human infection. 4 Owing to the strict growth requirement of Legionella species, clinical diagnosis relying on sample culture was difficult. 5 Identification of this disease needs other tests such as enzyme immunoassay and urine antigen test. 6 Therefore, awareness and understanding of the clinical characteristics of Legionnaires' disease are important for clinicians to better recognize the disease and optimize clinical management.
In Taiwan, several reports of Legionnaires' disease had been presented since 1983. 7, 8 However, most studies were case reports or epidemiology studies carried out by the notification system. There was limited clinical information on Legionnaires' disease in Taiwan. Therefore, the present study aims to assess the epidemiology, clinical features, and outcomes of Legionnaires' disease in southern Taiwan at a university hospital over a 9-year period.
Methods Patients
This retrospective study was conducted in National Cheng Kung University Hospital, an 1100-bed medical center in southern Taiwan. Between January 2005 and December 2013, patients aged over 18 years with a clinical diagnosis of Legionnaire's diseases, a reported infectious disease in Taiwan, were enrolled. Legionnaires' disease was defined as the presence of symptoms and signs of lower respiratory tract infection, pulmonary infiltrates consistent with pneumonia on a chest radiograph, and a positive result of urinary Legionella antigen test (NOW; Binax, Scarborough, ME, USA). Medical records were reviewed for demographic information, comorbidities, clinical presentations, laboratory data, clinical course, and outcomes. If a patient had more than one pneumonic episode, only the first episode would be included for further analysis.
Clinical evaluation and outcomes
Patients included in the study were categorized into three clinical groups. A patient was defined as having HCAP if he/she had been hospitalized within 10 days before symptom onset or pneumonia developed at more than 72 hours after admission. 3, 9 The caregiver group was defined as the patients who had worked as occupational inhospital caregivers or taken care of their family in the hospital within 10 days before symptom onset. The cases of CAP were the patients without previous hospitalization within 10 days before symptom onset or with pneumonia occurring within 72 hours after admission, and not in accordance with the criteria of the caregiver group. Chronic kidney disease was defined as an estimated creatinine clearance rate of <30 mL/min/1.73 m 2 . The clinical and demographic characteristics of three groups would be compared.
A score developed by Charlson et al 10 was adopted for the evaluation of comorbid conditions. The weighted index of comorbidity ranged from 0 to 37, and has been reported to be reliable in providing a good correlation with mortality and survival outcomes. 10 Besides, we looked for the determinant factors of in-hospital mortality. Empirical antibiotic therapy was arbitrarily defined as antibiotics that were administered for more than 24 hours within the first 3 days of admission in cases of community-onset infection or within the first 3 days of symptom onset in those with hospital-acquired infection. Empirical therapy was classified as fluoroquinolone-based, macrolide-based, or tetracycline-based regimens, or others, if none of these three classes were given. If more than one drug was administered in one patient, the classification would refer to the drug administered for a longer period of time. 
Results
During the study period, 6280 urine samples were tested for Legionella antigen; 64 (1.02%) samples from 61 patients were positive. All 61 patients with urinary antigen of Legionella pneumophila serogroup 1 were adults and included for analysis. Since there was no routine sputum culture for Legionella, no clinical Legionella isolate was available for further epidemiological investigations. The cases were found between January 2005 and September 2013 (Figure 1 ). Heat flush for disinfection of water supply system was initially tried in January 2007, but Legionella growth rates of surveillance cultures of water samples remained high. Copperesilver ionization system was installed on the hot-water recirculation line in May 2011. 12 There were no new cases of healthcareassociated Legionnaires' disease from January 2012 to April 2016.
The mean age of the patients was 61.1 years, and 43 (70.5%) of them were male. Fever was noted in all patients, and the other clinical presentations include cough (67.2%), general weakness (52.5%), purulent sputum (50.8%), dyspnea (50.8%), chills (42.6%), nausea (19.7%), diarrhea (19.7%), hemoptysis (9.8%), headache (9.8%), pleuritic chest pain (8.2%), myalgia (8.2%), and altered consciousness (3.3%). Among the 61 patients, 30 (49.2%) were regarded to have HCAP and 20 (32.8%) CAP, and 11 (18.0%) were caregivers. Among the three patient groups, there were significant differences in the proportion of patients with cancers (p Z 0.002) and Charlson comorbidity index (p < 0.001, Table 1 ). Charlson comorbidity scores of patients with HCAP (3.6 AE 2.4) are higher than those of CAP patients (1.9 AE 1.9, p Z 0.008) or caregivers (0.5 AE 0.5, p < 0.001). However, there was no difference in terms of gender, age, and other comorbid diseases among the groups. All sputum cultures revealed insignificant results, and only one case had concurrent bacteremia due to methicillin-susceptible Staphylococcus aureus and Streptococcus viridans .
There were no significant differences in clinical signs, hemogram, and serum levels of C-reactive protein, creatinine, sodium, and serum aminotransferases among the three groups (Table 2) . Among the 61 patients in this study, most (57, 93.4%) patients received fluoroquinolone therapy during hospitalization, 28 (45.9%) suffered respiratory failure, and 23 (37.7%) needed intensive care ( Table 2 ). The risk of respiratory failure or admission to intensive care units was similar among the three patient groups. However, although the difference did not reach statistical significance among the three groups, hospital stay of those with HCAP tended to be longer than that of CAP patients or caregivers ( The mean age of the 11 caregivers with Legionnaires' diseases was 60.4 AE 13.9 years (Table 3) . Four patients were occupational caregivers and seven had a recent history of taking care of their spouse in the study hospital shortly before symptoms onset. Only three had diabetes mellitus, four had hypertension, and two were hepatitis B virus carriers. Of note, three patients had no comorbidity and all 11 caregivers survived. Environmental surveillance of Legionella species in water from water system terminals was available for nine of the 11 caregivers and 12 patients with HCAP, and Legionella species was isolated from one and seven faucet terminals, respectively.
Overall there were six (9.8%) deaths among 61 adults with Legionnaires' disease. Underlying cancer (66.7% vs. 20.0%, p Z 0.03), especially hematological malignancy (33.3% vs. 3.6%, p Z 0.045), was more common in fatal cases than in survivors (Table 4) . Besides, fatal cases had higher Charlson comorbidity scores (4.7 AE 2.6 vs. 2.2 AE 2.2, p Z 0.01). However, in terms of clinical signs (such as body temperature or respiratory rate), hemogram, blood chemistry parameters, and C-reactive protein levels, no significant differences were found between survivors and fatal cases. Only tachycardia (126.5 AE 14.2 beats/min vs. 107.6 AE 20.6 beats/min, p Z 0.03) and anemia Data are given as case numbers (percentages) or mean AE standard deviation. ALT Z alanine aminotransferase; AST Z aspartate aminotransferase.
Discussion
The present study was conducted in a large cohort of Legionnaires' disease patients in Taiwan and provided clinical features of this disease to clinicians. A previous epidemiological study of the distribution of 237 cases of Legionnaires' disease in Taiwan showed male predominance, accounting for 70.9% (168), 8 which was in accordance with the results (70.5%) of our study that was conducted in a single center.
According to previous studies, several risk factors had been described for Legionnaires' disease, including chronic lung disease, smoking, 13 hematological malignancies, 2 solid tumors, 14 and glucocorticoid treatment. 15 Legionella can mainly be transmitted by inhalation of aerosolcontaminated water droplets, 16, 17 and microaspiration of contaminated water is also recognized as a possible transmission route of Legionnaires' disease. 18 Given the relationship between specific environment and Legionella colonization, environmental exposure was known to be linked to Legionnaires' disease. 19, 20 Legionella species could colonize the water distribution system of 12e70% of hospitals, 21 and susceptible individuals may be infected by inhalation of contaminated aerosols. 22, 23 Our study here presented a special population of occupational and family caregivers with less underlying chronic illness than those with healthcare-associated Legionnaires' disease. It is likely that they had a prolonged stay in the hospital and contacted with the water system. Thus, these relatively healthy caregivers should be cautiously considered as susceptible population of Legionnaires' disease. However, Legionella species could colonize the water system of domestic environment. A study conducted in Quebec City found that in 178 houses with an electric heater, 12% of faucets, 15% of shower heads, and 37% of water heaters were contaminated by Legionella species. 24 Therefore, the possibility that these caregivers acquired Legionnaires' disease from their household environment cannot be completely excluded.
Our patients with healthcare-associated Legionnaires' disease more likely had underlying cancer diseases and higher Charlson comorbidity scores, as compared with those with community-acquired Legionnaires' disease and caregivers with Legionnaires' disease. Our finding was consistent with that of a previous survey, which revealed a higher Charlson comorbidity score in the group with hospital-acquired legionellosis. 25 Regarding the evaluation of prognostic factors of inhospital death due to Legionnaires' disease, Chidiac et al, 26 in their study conducted in France, concluded that age, female sex, ICU stay, renal failure, corticosteroid treatment, and increased C-reactive protein levels were significantly associated with mortality in hospitalized community-acquired Legionnaires' disease. In another study, age >70 years, cancer, corticosteroid treatment, and nosocomial infection were associated with a fatal outcome. However, none of the three host factors could be identified as an independent risk factor for mortality, if merely nosocomial cases of Legionnaire's disease were considered. 27 Our finding that fatality was associated with cancer and a high Charlson comorbidity score indicated that those with immunocompromised or complicated comorbidities will herald a grave prognosis, if acquired Legionnaires' disease.
Several classes of antimicrobial agents have been shown to be effective against Legionella species, including macrolides, tetracyclines, ketolides, and quinolones. 4, 28, 29 Fluoroquinolone therapy was associated with therapeutic benefits, according to a meta-analysis. 29 In contrast, Gershengorn et al 30 concluded that azithromycin alone or a quinolone alone for the treatment of Legionella pneumonia was associated with similar mortality, hospital stay, and total hospital cost. However, the vast majority of our patients (57 patients, 93.44%) received fluoroquinolone therapy, which was favored by attending physicians in the study hospital.
There are several limitations in our study. First, this is a retrospective study conducted at a single institution, so variances of locations and study population should be considered. Given the limited study size, certain important prognostic variables may not be disclosed in our study. Second, all cases of Legionnaires' disease were diagnosed by urine antigen test, which can detect only L. pneumophila serogroup 1. However, L. pneumophila was the most prevalent species causing Legionnaires' disease, 31 and the serogroup 1 isolates accounted for at least 80% of the cases of L. pneumophila infection.
14, 30 The sensitivity and specificity of urine antigen tests to detect L. pneumophila serogroup 1 were 70e100% 5, 32 and 100%, 9 respectively. Their detection sensitivity was associated with clinical severity 33 and can be increased by as much as 20% by 25-fold concentration of urine samples. 34 Although some cases may be missed, urinary antigen tests have become the firstline diagnostic tool of Legionnaires' disease given its rapidity. 4, 5 Finally, Legionella isolates can be found in some faucets of the wards in which HCAP or caregiver patients were hospitalized. However, environment surveillance of Legionella species was not conducted for all cases in this study and no clinical Legionella species was available. No further molecular typing could be conducted.
In conclusion, L. pneumophila remains an important pneumonia pathogen for individuals in the community or those associated with healthcare facility. Moreover, healthy caregivers in the hospitals, the water system of which contains L. pneumophila, were at risk. Continued attention to this waterborne bacterial etiology of pneumonia, irrespective of the place of acquisition, should be encouraged.
